In healthy subjects, standing elicits a reduction in blood flow to the skin of the foot. In adults with insulin dependent diabetes this posturally induced response is deficient, resulting in capillary hypertension when the foot is in the dependent position (that is, below heart level). Such functional abnormalities of the microcirculation in diabetes may precede any evidence of clinically detectable microangiopathy. This study investigates the posturally induced change in blood flow to the skin of the foot in prepubertal and postpubertal patients with insulin dependent diabetes. Laser Doppler fluximetry was used to assess the postural change in blood flow at the pulp of the great toe. Postural vasoconstriction (dependent flux value/supine flux value X 100) was greater after puberty in normal subjects (median (range) 60-4 (7-0-164-9)% prepubertal v 20'5 (5-9-101.0)% postpubertal). Prepubertal children with diabetes did not differ from their healthy peers (69.8 (7.2-192-7)% with diabetes v 60*4 (7.0-164-9)% controls); however postpubertal children with diabetes had a significantly impaired postural vasoconstriction (40.6 (7-9-140.2)% with diabetes v 20-5 (5-9.101.7)% controls).
In healthy subjects, standing elicits a reduction in blood flow to the skin of the foot. In adults with insulin dependent diabetes this posturally induced response is deficient, resulting in capillary hypertension when the foot is in the dependent position (that is, below heart level). Such functional abnormalities of the microcirculation in diabetes may precede any evidence of clinically detectable microangiopathy. This study investigates the posturally induced change in blood flow to the skin of the foot in prepubertal and postpubertal patients with insulin dependent diabetes. Laser Doppler fluximetry was used to assess the postural change in blood flow at the pulp of the great toe. Postural vasoconstriction (dependent flux value/supine flux value X 100) was greater after puberty in normal subjects (median (range) 60-4 (7-0-164-9)% prepubertal v 20'5 (5-9-101.0)% postpubertal). Prepubertal children with diabetes did not differ from their healthy peers (69.8 (7.2-192-7)% with diabetes v 60*4 (7.0-164-9)% controls); however postpubertal children with diabetes had a significantly impaired postural vasoconstriction (40.6 (7-9-140 .2)% with diabetes v 20-5 (5-9.101.7)% controls).
Abnormalities in the normal reduction of blood flow on standing occurred in young postpubertal children with diabetes, most of whom were free of complications.
(Arch Dis Child 1994; 70: [22] [23] [24] [25] [26] The occurrence of complications in diabetes is greater after puberty than before, even in subjects matched A timed overnight urine collection was screened for microalbuminuria in 50 of the 54 children with diabetes; the remaining patients refused to provide a urine sample. Albumin was measured by an immunoturbidometric method and the albumin creatinine concentration ratio (ACR) was calculated (urinary albumin (mg/l)/urinary creatinine (mmol/1)). If the screening ACR was greater than 1-5 mg/mmol, three timed overnight urine samples were obtained to determine if the child had consistently increased albumin excretion (normal range of non-diabetic schoolchildren 0-15-1-64 mg/mmol). Twelve of the children with diabetes had a screening ACR greater than 1-5 mg/mmol; five of these had an ACR persistently greater than this value; however, only one of these five patients had an albumin excretion rate greater than 15 ,ug/min in more than one overnight urine collection. This patient's albumin excretion rates were 42-7, 115'4, and 114-3 ,ug/min and he would therefore be categorised as microalbuminuric using the criteria established for the adult diabetic population. 15 Retinal examination was performed on each of the children with diabetes by an ophthalmologist specialising in diabetic eye disease or by a diabetologist. Eighteen of the children also had retinal photographs taken using a non-midriatic camera (Canon CR3-45 mm, Canon, Tokyo, Japan). Only two adolescents with diabetes showed any retinal abnormalities.
Each child was assessed for pubertal stage using the criteria of Tanner; only those subjects who were prepubertal (PIG1 (n=50) or postpubertal (P5G5) (n=53) are included in this analysis. In the diabetic group a blood sample for glycated haemoglobin (HbA1 by column chromatography; Biorad, Richmond, CA, USA) was obtained at the time of the study as part of the child's routine medical care (normal range 5-47-8%). In all subjects blood pressure was measured by the oscillometric technique (Dinamap, Critikon, Tampa, FL, USA) six times during the study (two periods of three measurements recorded at one minute intervals). The mean of the final two blood pressure measurements after one hour supine was taken as the subject's true blood pressure.
The study was approved by the local ethical committee and consent was obtained from each child and guardian after the nature of the procedure had been explained.
The studies were conducted after a 30 minute period of acclimatisation in an environmentally controlled room (22-0 ±0 4°C). The red cell flux at the pulp of the great toe was measured by laser Doppler fluximetry (Periflux pf2b, Perimed, Stockholm, Sweden), initially with the subject supine and the foot at heart level and then for five minutes with the foot passively lowered to 40 cm below the heart and the knee bent. The change of blood flow with posture in the children followed a similar time course to that shown previously in adults -that is, a flat plateau of blood flow was usually reached during the first two minutes of dependency. The postural vasoconstriction (PV) response was calculated as a percentage from the mean flux measured over the fourth and fifth minute with the foot in the dependent position (DF) divided by the mean flux obtained in the final two minutes with the foot at heart level (HF).
P DF xo PV=HFX100
Biological zero -that is, the laser Doppler signal remaining when an ankle cuff was inflated to cause arterial occlusion -was subtracted from the two flux values before the postural vasoconstriction was calculated. The temperature of the skin of the foot was continuously recorded using an adherent thermocouple (Comark Electronic, Littlehampton, Sussex) at the pulp of the great toe.
The reproducibility of the method has previously been assessed by studying six men on three separate occasions. Change in posture reduced skin blood flow to 18-3 (4-5), (3.1), and 19-2 (4.3)% (mean (SD)) of the supine value respectively. In three postpubertal subjects measured on two occasions more than one year apart, the blood flow when the foot was in the dependent position as a percentage of the basal flow was 12-9 and 12.0% (subject 1), 10-7 and 3-4% (subject 2), and 5-9 and 11-3% (subject 3). In three young prepubertal children measured on two occasions more than one year apart (weight change <3 0 kg), blood flow in the dependent position as a percentage of basal flow was 40 0 and 43 3% (subject 1), 517 and 51-3% (subject 2), and 30 5 and 25-9% (subject 3).
STATISTICAL METHODS
The data are presented as median (range). Several of the variables showed significant skewness or kurtosis, or both. Comparisons between groups was by the Kruskal-Wallis analysis of variance followed, where significant, by Mann-Whitney U tests. Associations between variables were assessed by Spearman's rank correlation coefficient. 
Results
With the subjects supine, the red cell flux and skin temperature at the great toe did not differ significantly in prepubertal healthy children and in children with diabetes.
In the two groups, puberty was associated with a marked reduction in resting red cell flux (fig 1, p<0-001 prepubertal v postpubertal children with diabetes; p=0-0005 prepubertal v postpubertal controls) and skin temperature (p<0-01 prepubertal v postpubertal children with diabetes; p<0-005 prepubertal v postpubertal controls). There was no significant difference in these two parameters in the postpubertal children with diabetes compared with the controls.
In prepubertal children with diabetes and prepubertal control children, the posturally induced vasoconstriction was poor; indeed, in five control subjects and five children with diabetes lowering the foot below the heart was accompanied by no change or an increase in blood flow instead of a reduction. Puberty was associated with a marked improvement of the postural vasoconstrictor response in healthy adolescents (60-4 (7-0-164-9)% prepubertal v 20-5 (5-9-101-7)% postpubertal; p=00001).
In the adolescents with diabetes, however, the improvement in the postural vasoconstrictor response associated with puberty was less marked (69-8 (7-2-192-7)% prepubertal v 40-6 (7.9-140 2)% postpubertal; p= 0-083) and postural vasoconstriction was thus significantly impaired compared with their healthy peers (p<0-007; fig 2) . In the two postpubertal groups about half of the girls (7/15 controls; 11/19 children with diabetes) were in the follicular phase of their menstrual cycle, and there was no significant difference in the mean day of the menstrual cycle in the two groups (p=0-9).
In the group of prepubertal children with diabetes, the postural vasoconstriction response was related to HbAl (rs=0 51; p=0-018), skin temperature (rs=0-63; p=0-001), and systolic and diastolic blood pressure (rs=0 50, p=0-02, systolic blood pressure; rs=0-45, p<005 diastolic blood pressure; there was no association with duration of diabetes (r,=0-089) or insulin (rs= 0-064). These findings differ from those in prepubertal healthy children in whom postural vasoconstriction does not correlate with skin temperature (rs=0 -015), or systolic or diastolic blood pressure (r,=-0-3575, p=0 07 systolic blood pressure; r,=0-14 diastolic blood pressure.
In the postpubertal subjects with diabetes there was a weak association of postural vasoconstriction with skin temperature (rs=0-35; p=0 052), but there were no other significant associations rs=-0 01 HbAl; r,=0-12 systolic blood pressure; rs=0-27 diastolic blood pressure; rs=0-07 duration of diabetes; rs=0-08 insulin; rs=0-033 day of menstrual cycle).
Postural vasoconstriction showed no significant association in the healthy postpubertal group (rs=-0-02 skin temperature; r5=-0-016 systolic blood pressure; rs=-0-015 diastolic blood pressure; rs=-0-35, p=0Q2 day of menstrual cycle).
Discussion
This study shows that, in healthy subjects, the vasoconstriction of the skin of the great toe, induced by placing the foot below heart level, is improved with passage through puberty. In healthy adolescents, as in healthy adults, the 9 The growth spurt accompanying puberty would increase the venous pressure of the foot during standing and thus the hydrostatic stress on the microcirculation of the foot. Improvement in this protective postural vasoconstrictor mechanism at puberty would serve to minimise the increase in foot skin capillary pressure during standing and hence limit the formation of oedema.5
Whether the change in the sensitivity of the postural vasoconstrictor response to a standard change in pressure induced by puberty is due to a change in the detection of, or an enhanced response to, the stimuli, cannot be deduced from this study. The hormonal changes which accompany puberty may be associated with significant alterations in the vascular reactivity to vasoactive agents and thus the response of the venoarteriolar reflex. '6 17 Indirect heating of the body trunk in adults results in an impairment of the postural vasoconstrictor response at the pulp of the great toe.'8 Under these circumstances the thermoregulatory control of the body overrides the hydrostatic control mechanisms. The initially high basal metabolic rate, mouth temperature and, in our study, skin temperature in prepubertal children decreases with the passage through puberty.'9 20 The improvement in the postural vasoconstrictor response maybe related to this reduction in thermoregulatory load.
This study also shows that the postural vasoconstrictor response is abnormal in adolescents with diabetes. Prepubertal children with diabetes showed a poor postural vasoconstrictor response, which did not differ significantly from that of their healthy peers. Interestingly, the postural vasoconstrictor response was closely associated with skin temperature in prepubertal children with diabetes but not in controls, despite equivalent temperatures in the two groups. This may represent an increase in sensitivity in the thermoregulatory control of the blood vessels in prepubertal children with diabetes. Postural vasoconstriction was also associated with HbAl and blood pressure in prepubertal patients with diabetes, whereas, in contrast, blood pressure was not significantly related to postural vasoconstriction in prepubertal or postpubertal control subjects or postpubertal children with diabetes. These findings raise the possibility that subtle abnormalities of the postural vasoconstrictor response may be occurring even in young patients with diabetes of short disease duration.
The improvement in postural vasoconstriction which normally accompanies the passage through puberty was less marked in the diabetic group, with the result that the response was significantly impaired in adolescents with diabetes compared with controls. This abnormality in microvascular control occurred before the emergence of clinically detectable microvascular complications in most patients. In patients with diabetes with severe hyperglycaemia and ketoacidosis, the resting metabolic rate is increased37; improvement of glycaemic control returns the resting metabolic rate to normal levels.37 38 Food or stress induced thermogenesis is, however, increased in patients with diabetes38 and, together with the metabolic rate changes which accompany normal puberty, may influence the postural vasoconstrictor response in diabetes. None of the subjects in our study had hyperglycaemia or ketoacidosis. The basal metabolic rate was not measured in this study; however, skin temperatures did not differ significantly in the two postpubertal groups. If thermogenesis was increased in our postpubertal diabetic group, we might expect an impaired postural vasoconstriction as an experimental increase in body temperature, by heating of the body trunk, has previously been shown to cause impairment of postural vasoconstriction measured at the pulp of the great toe. 18
In conclusion, in children with diabetes passage through puberty does not appear to be associated with the acquisition of an enhanced adult postural vasoconstrictor response as observed in healthy children. The likely result of this abnormality is that the microcirculation of the foot will be exposed to greater hydrostatic stress. Similar haemodynamic abnormalities emerging in other microcirculatory beds at puberty may explain, at least in part, the accelerated rate of accrual of diabetic microangiopathy at this stage of development. 
